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ABSTRACT 
This study is concerned with the input-output relationship 
in rice cultivation and examination of difference in response of 
modern and traditional varieties of rice with respect to the 
application of fertiliser. An attempt has also been made to 
evaluate the costs and returns of cultivating rice crop. Finally, 
influence of various techno-socio-economic variables that might 
be associated with the adoption of a modern variety rice and 
use of fertiliser in the rice crop has been examined. 
Survey data obtained by interviewing 147 farmers of 
selected eight Village Panchayats of Dhanusha district were used 
for the analytical purpose. Production function analysis was 
used to ascertain input-output relationship in rice cultivation. 
Difference in response between modern and traditional variety 
rice with respect to fertiliser use was also examined within 
production function analysis framework. Costs and returns were 
computed to evaluate the net returns. Maximum likelihood logit 
analysis was employed to determine decision regarding the 
adoption of modern variety rice and use of fertiliser in rice crop. 
Irrigation, application of compost and nitrogen appeared 
likely to increase the yield of rice crop. Although the response 
of modern variety rice to nitrogen fertiliser seemed better than 
that of traditional variety, the evidence was fragmentary. Net 
returns were found to be higher for modern variety rice than 
for traditional variety. 
Schooling, family size, paddy acreage, proportion of 
land area irrigated, extension visits and fertiliser use were 
the important variables that influenced farmers' decision to 
adopt a modern variety rice, while variables such as age, 
family size, non-farm income, paddy acreage, proportion of land 
irrigated, radio listening, extension visits and modern variety 
use were important in deciding whether to use fertiliser. 
Interestingly, however, schooling had negative relation in both 
the decisions regarding adoption of a modern variety or use of 
fertiliser. 
Other things equal, co-operative members who were exposed 
to extension activities were more likely to adopt a modern variety 
rice or use fertiliser than non co-operative members who sere 
not exposed to any of the extension activities. 
v 
Comprehensive government programmes to ensure the availability 
of fertilisers, effective administration of credit, strengthening 
of extension services and providing other infrastructure would 
be vital for adoption of a modern variety rice and use of 
I 
fertiliser. This in turn could lead to increase in farm 
productivity. 
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CHAPTER I 
I NTRODUCT ION 
1 
There c an be no doubt about the importance of agr i c u l tural  
deve l opment in  countr i es such as Nepal whi ch have dom inant agr i c u l ture 
sectors . Agr i cu l tural devel opment i nvol ves i mprovement in product i v i ty 
of resources emp l oyed by farmers (Crosson , 1 970, p . 1 ) .  The r ate of 
i ncrease of agr i cu l tural  product i v i ty depends upon the rate at which  
i mproved i nputs are i ncorporated i nto product ion processes at  the 
farm l eve l . 
I n  tradi t i ona l  agr i cu l ture , producti on i s  i ncreased mai n ly 
through s l owly  i ncreased app l i cat i on of trad i ti ona l  forms of l and, 
l abour and cap i tal . I n  such a case,  a l though expan s i on of product i on 
does occur , the fact that i t  occurs through an essenti a l ly  symmetr i ca l  
expan si on of a l l i nputs o r  through i ncreased i nput o f  a l ready 
abundan t  l ow producti v i ty resources resu l ts i n  e i ther no i ncrease 
or a decl i ne i n  product i v i ty of resources ( Me l l or ,  1974, p . 224 ) . 
The modern i sat ion  of agr i c u l ture i s  essen t i a l  not on ly 
for thi s  reason of transform i ng  trad i t i ona l  agri c u l ture but a l s o  to 
susta i n  i ncreas i ng popu l at i on and expectat i ons regard i ng r i s i ng 
standards of l i v i ng .  Thi s  process of agr i c u l tural modern i sat i on 
i nvo l ves i ncreased use of ferti l i ser,  fert i l i ser-respons i ve crop 
var iet ies  and i rr i gat i on ,  cou p l ed w i th appropri ate i ncen t i ves  
( Mudahar, 1 980 , p . 1 ) .  
Th i s  study i s  concerned w i th the use of ferti l i ser and 
adoption of fert i l i ser-responsive modern varieties of r i ce .  The 
2 
s tudy a l so hopes to exami ne the fi nancial cos ts and benefi ts as soci ated 
w i th the tradi t i ona l  and modern var i et ies of r i ce; and the respons i veness 
of these modern var iet ies to fert i l i ser i nput . 
Nepal's Agr icu l tural Sector 
In Nepal , some 94 per cent of the total l abour force are 
employed i n  agr i cu l ture , a sector that accounts for 62 per cent of 
the GNP and contri butes 80 per cent to the total export earn i ngs 
( HMG Nepal , 1 98 1 , p . 8) . However , most of the farm i ng  i s  trad i t i on al 
i n  nature , and monsoon s ti l l  p l ays a v i tal  ro l e  i n  determi n i ng total 
output i n  any part i cu l ar year . W i th most of the acreage under food 
crops , non-food crops ( s uch as tobacco , oi l s  and j u te ,  wh i ch prov ide 
raw materi al s  for i ndustri e s )  cover a very sma l l acreage of the 
tota l  c u l t i vated area of the country. 
Out of a total  l and  area of 141 ,177 km2 , on ly  16 . 0  per cent 
consti tutes arab l e  l an d ,  with very lltt1 e scope of expans i on because 
of topograph i cal  and c l imat i c  d i ff i cu l t i es . The s i tu at i on i s  
aggravated by the fact  that the average farm s i ze i s  onl y  1 . 2 h a .  
Of  the total  n umber of  farmers , 88  per cent are c l ass i fied  a s  smal l ,  
and the number of l and l es s  i s  i ncreas i ng  year after year ( Comte , 1 978 ) . 
R i ce const i tutes a major port ion of the d i et of the 
major i ty of the popu l at i on . It i s  al so  the most importan t  export 
crop accoun t i n g  for approxi mate ly  30 per cent of the total va l ue of 
the country's ( 1967-71) exports. In terms of area, rice constituted 
56 per cent (1,264,000 ha. ) of the total cultivated land in 1977-78. 
Maize covered 444,000 ha. (20% ) and wheat 366,000 ha. (16% ) of the 
total cultivated area in the same year. 
Problem of Low Agricultural Productivity 
3 
Agricultural productivity is low and has remained stagnant 
for quite some time. Yields per hectare of various crops are estimated 
to be 1.5 to 4.5 times more for developed countries than that of 
Nepal ( Pant and Jain, 1969, p.22 ) . In the period between 1966-67 
and 1980-81, the national average yield of rice varied between 1.64 
and 2.07 tonnes per hectare, while in the case of maize and wheat, 
yields varied between 1.87 and 1.28 tonne/ha. and 1.26 and 0.85 
tonne/ha, respectively. This is illustrated in Figure 1 which shows 
the yearly average yield per hectare for the three major cereal 
crops for the period between 1966-67 and 1980-81. The average yield 
of rice was 1.93 tonne/ha. in 1980-81 against 1.82 tonne/ha. in 1966-67. 
Maize and wheat yield in 1980-81 was 1.62 tonne/ha. and 1.26 tonne/ha. 
against 1.83 tonne/ha. and 1.26 tonne/ha. respectively in 1966-67. 
A linear trend function fitted to the estimated average 
yield data for the period between 1966-67 and 1980-81 showed a 
declining trend in average yield/ha. in the case of rice and maize 
crops. Wheat, however, showed a weak positive trend. Results of 
the estimated trend functions are as fol1ows:1 
lFigures in parentheses are standard errors of estimated coefficients. 
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Figure 1. Estimated Average Yield 
-l::> 
Paddi'o : 
Yp = 1 . 902 - . 0025 xp 
( . 0064 ) 
R2 = .011 
Mai ze 
-
Ym = 1.917 - .0244 xm R2 = 0 .524 
( . 0064 ) 
Wheat 
Yw = 1 . 068 + . 0074 xw R2 = . 083 
( . 0069 ) 
The l ow l eve l of product i v i ty and stagnat i on have been 
attr i b uted to l ack of adequate i rr i gat i on fac i l i t i es and l ack of 
knowl edge on the part of the cu l t i vators of improved techn i ques 
of  cu l t i vat i on .  Other factors respons i b l e  are the out-dated farm i ng  
techniques and l ack of  adequate agri cu l tural  credi t and market i n g  
fac i l i t i es ( Pant and Ja i n ,  1 969 ) .  
HMG Nepal has recogn i sed adverse weather condi t i on ,  
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dec l i ne in  product i v i ty of so i l ,  i n adequacy of agr i cu l tural  imp l ements 
and l ack of co-ordi nat i on among  the deve l opment agenc i es i nvo l ved 
as some of the mai n  reasons for the poor performance of agr i cu l tura l 
sector ( Econom i c  Survey ,  1 98 1 ) .  
Efforts and Ach ievements 
I n  recent years ,  the ro l e  of agr i cu l ture i n  economi c 
deve l opment h as received i ncreas i ng attention i n  Nepal , reflecting 
a growi ng  awareness among the e l i te that the prob lem of under­
deve l opment cannot be  so l ved wi thout  f i rs t  so l v i ng the prob l em of 
agr i c u l tural  stagnat i on. Efforts h ave been made to modern i se 
agr i c u l ture by emp l oy i ng sc i ence-based techno l og i es and by prov id i ng  
marketi n g. cred i t  and extens i on serv i ce s  to d i s semi nate new 
knowl ed ge to farmers,  and by maki ng  i nputs and resources more 
avai l ab l e  to the farm i n g  popu l at i on .  
In Nepa l . pri or i t i es h ave been gi ven to the agr i cu l tural  
sector in  a l l pre v i ous  f i ve 5-year p l ans , and the present S i xth 
(1981-86) P l an a l so env i s ages 30.4 per cent of the total spend i n g  
for agr i cu l ture , i rr i gat i on and forestry. wh i ch i s  the h i ghest  
a l l ocat i on gi ven to  any sector i n  the  economy . The food product i on 
target i n  the S i xth P l an i s  4.4 mi l l i on tonnes a year by 1985 
( S i n gh .  1980). The p l an targets ref l ect the need to overcome 
prob l ems assoc i ated w i th popu l at i on growth wh i ch h ad apparent ly  
negated ach i evement of  the  F i fth P l an .  In the F i fth P l an 
popu l at i on grew at the rate of 2.3 per cent annua l ly  wh i l e GNP 
rose on ly  2.2 per cent annu a l l y .  
Efforts by  the government i n c l u de open i ng of  add i t i ona l  
agr i cu l tural extens i on off i ces  and  estab l i shment of  organ i sat i on s  
such a s  the Agr i cu l tural  Inputs Corporat ion , the Food Corporat i on 
and the Agr i cu l tural  Deve l opment Bank. These i ns t i tu t i ons  wh i c h  
have the i r  networks at d i str i ct , and i n  some p l aces a t  v i ll age 
l e ve l ,  prov ide the farmers w i th necessary techn i ca l  gu i d ance , as 
we l l  as meet i nput. market i n g  and cred i t  requ i rements o At vi llage 
l eve l , co-operati ves h ave been or gan i sed to th i s  end .  
Consequent ly  there h as been an encouragi n g  trend i n  the 
adopt i on of modern var iety wheat, w i th 85 per cent of the total 
cu l t i vated area under i t, a l thou gh in the case of r i ce i t  i s  on l y  
6 
18 per cent. However, i t  may be noted that the rate of adoption 
has been ri s i ng at 35 per cent per year for r ice (FAO, 1 977, p.2-13) . 
S imi l ar ly, app l i cation  of chemi cal ferti l i zer i s  on the ri se.  
Compared to the nati onal average app l i cation of 2.7 kg/ha. in  1970, 
the rate observed i n  1 975 was 6. 1 kg/ha. In  the case of i rri gati on, 
the percentage of net cropped area under i rri gati on has gone up 
from 5.9 to 9. 1 per cent dur i ng  the period 1 970-75. 
Whi le  it  i s  debatable  whether mechan i sati on d irect ly  
contri butes towards i ncreas i ng crop yie l d, it  has been estimated 
7 
that there i s  one tractor for every 1000 ha. and one pumpset for 
every 400 ha . of the cu l ti vated area i n  the country (Pudasai n i ,  1980 ) . 
These f i gures compare favourab l y  to those avai lable  i n  the ear ly  
s i xti es. 
But overal l ,  desp ite these efforts, for the peri od 1961-
74, it has been reported that Nepa l 's producti on of major food gra ins  
increased at the rate of  on l y  1 . 35 per cent annual ly, whi l e  
popu l ation grew at the rate o f  more than 2.00 per cent ann ual l y  dur ing  
the same per i od ( Chapagai n, 1 980). Food balance sheet fi gures (Tabl e I )  
al so  shows the dec l i n i ng surp l us food production between 1 974-75 and 
1980-8 1 .  The crop year 1 979-80 actual ly  saw a defi c it  i n  food 
production due to poor weather cond iti ons. 
As i nd i cated ear l ier, the overal l production as we l l  as 
product iv ity of major crops has been far from sat i sfactory i ns p i te 
of improvements i n  prerequ i s ites for i mprov i n g  producti v ity .  It i s  
Year 
1974 - 75 
1975 - 76 
1976 - 77 
1977 - 78 
1978 - 79 
1979 - 80 
1980 - 81a 
TABLE I .  FOOD BALANCE SHEET ( IN  TONNES) 
Consumable 
Producti on 
2,410,406 
2,470,866 
2,352,641 
2,246,900 
2,302,320 
2,000,142 
2,409,347 
Requi rements 
1,871,236 
1,912,669 
2,020,591 
1,935,474 
1,990,610 
2,034,147 
2,006,511 
Bal ance 
+539,170 
+558,197 
+351,690 
+311,426 
+311,710 
- 34,005 
+348,796 
SOURCE: "Nepal Adh i rajyako Khadhyanna Basalat" (Fi scal Year. 
1979-80), M i n i stry of Food and Agriculture, Food and 
Agricultural Marketing Services Department, H.M.G. 
Nepal . 
aF i gures for 1980-81 obtai ned from dai ly newspaper Gorakhapatra, 
December 22, 1981. 
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also recogn i sed that a rap i d  and massive development in agriculture 
could onl y  be ach ieved by "break ing through the trad i t i onal state 
9 
of the arts and i ntroducing modern technology in  a package cons i st ing 
of new inputs, agr i cultural educati on, spec i al skills and techniques 
and competent gui dance in  farm planning" (Reddy , 1965, p.8l6 ) .  
The Problem 
Modern crop var i et i es h ave been introduced and farmers 
have been encouraged to apply comp l ementary inputs such as chemi cal  
fertili ser to remedy the prob l em of low agr i cul tural producti v i ty .  
However,  the performance of  modern var i eties  has been errat i c  
and unpredi ctab l e  in  different agro-c l imat i c  reg ions as  we shall see 
from prev i ous stud ie s  rev i ewed in a l ater sect i on of thi s study. 
Therefore the question that ar i ses i s  whether the modern var i et ies  
i n  the study area are also more respons i ve to modern inputs such 
as fertili ser as i s  usually clai med . A second i mportant quest i on 
i s  whether the cu l t i v at i on of modern var iet ies i s  fi nanc i ally 
beneficial, i.e., whether the net returns are h i gher from modern 
var i ety than trad i t i onal vari ety. A final quest i on that could be  
rai sed has  to  do wi th the factors that may be  assoc i ated wi th 
the adopt i on of these modern var i et ies  and use of fert i l i ser in 
the study area. 
Objecti ves  
Th i s  study w il l  attempt to  examine the f inancial benef i ts 
of modern vari ety r i ce cult i vat ion and to understand the influence 
of techno-socia-economic variables in the adoption of modern 
techniques in rice farming. This crop was chosen because of its 
importance in the diet and also because of the substantial 
acreage involved. Specifically the objectives of the present 
study will be to: 
(1) Examine the responsiveness of rice crop to various 
inputs in general and to compare between modern 
variety and traditional var·iety rice regarding 
response to fertilisers in particular. 
10 
(2) Determine the financial costs and returns associated 
with traditional and modern variety rice cultivation 
and ascertain the patterns of input use by farmers 
growing the traditional and modern varieties of 
rice. 
(3) Identify the effect of different variables which 
might be associated with adoption of new and 
improved practices, specifically modern variety 
rice and chemical fertilisers. 
Based upon the above objectives. the following hypotheses 
will be tested: 
(1) Modern rice varieties are more responsive to modern 
inputs. particularly fertilisers. 
(2) Modern variety rice cultivation gives higher net 
returns compared to traditional variety. At the 
s ame t ime var i ous i nput requi rements are hi gher 
for the cu l t i vation of modern var i ety r i ce than 
for trad i t i ona l  vari eties. 
(3) var i ab l es such as avai l ab i l i ty of i rr igat i on ,  mass 
commun i cati ons and cred i t ,  and educat ion l eve l of 
farm operator are pos i t i ve ly  assoc i ated wi th 
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adopt i on of modern vari ety r i ce and use of fert i l i ser . 
Importance 
Knowl edge of costs and benefi ts associ ated wi th cu l t i vation 
of r i ce crop u nder fi e l d  cond i t i ons wou l d  be of i nterest to the 
farmers , p art i cu l ar l y  those growi ng modern var i et ies and to the 
author i t i es i nvol ved i n  the di ssemi nat ion of the new seed fert i l i ser 
techno l ogy. The same wou l d  be true regard i ng the study of 
respons iveness of r i ce crop to the var i ous i nputs . 
Information o n  the techno-socia-economi c determi n ants 
in the d i ffus i on of modern techn i ques , v i z . ,  seed and ferti l i ser ,  
i s  of i n terest to  the students i nvo l ved i n  a study of di ffu s ion  of  
modern farming  techno logy,  government off ic i a l s ,  po l i cy makers and 
project imp l ementers . 
P l an of the Thes i s  
Subsequent sect i on s  of thi s  study are organ i sed i n  the 
fo l l owi ng  manner . Chapter I I  conta i ns a rev iew of the l i terature , 
CHAP TER II  
LITERATURE  R EVIEW 
Theoret i cal  Framework 
. 
Techno l ogy i s  a s tock concept i nd i cati n g  the body of 
know l edge that can be app l i ed i n  producti ve processes , wh i l e  
techno l o g i cal  change imp l i e s  changes i n  th i s  stock (Yotopou l os and 
Nugent, 1976, p. 1 45) . For such  tech no l ogy to be d i ffused i t  must 
aho be techni cally and econom i cally feas i b le ,  in wh i ch c as e  s u ch 
techni ques are adopted by i nnovator-entrepreneur to be  eventual l y  
fo l l owed by other i mi tators i n  the s ame f i e l d  o f  i ndustryo Th i s  
study i s  concerned w i th the d i ffu s ion  of s uch technol ogy wh i ch h as 
made i mpact on  the current processes  of product ion. 
Modern techno l og i es i n  agri c u l ture i n  general  can be  
d i v i ded i nto two types of i nnovat ions ,  name l y ,  l abour- s av i ng and 
l and-sav i ng. 
Labour-Savi ng Innovat i o�s 
An example of th i s  type of i nnovat i on i s  mechani cal 
techno l ogy. Th i s  type of techno l ogy i s ,  i n  genera l ,  des i gned  to 
fac i l i tate the s ubst i tut i on of power and mach i nery for l abour and 
typ i cal l y  th i s  i nvol ves the subst i tut i on of l and for l abour ,  
because h i gher o utput per worker through mechani sat ion  u s ual l y  
requ i re a l arger l and area cu l t i v ated per worker ( Hayami and 
Ruttan, 1971) . Th i s  type of i nnovati on i s  s i gni f i cant when l and 
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resource base i s  good. Speci fical ly i t  can he l p  br i ng i n  
u nuti l i sed land i nto cu l ti v ati on, whi ch earl i er could not be 
ut i li s ed s imp ly becaus e of i ns uff i c i ent l abour i nput.  N everthel es s ,  
labour-sav i ng techno l ogy i s  qu i te wel come in  the  agr i cultural  
sector, wh en i t  can rel eas e  v i tal  l abour i nput  wh i ch i s  b ad l y  
needed i n  other devel opment efforts . However, i n  t h e  case  of 
Nepal , wh i ch i s  character i sed by smal l l and hold i ngs and l im i ted 
scope of expand i ng the land front i er, s u ch technology may not b e  
very u sefu l from a soci a l  v i ewpo i nt. In fact, i n  economi es where 
the pri ce  of labour is  l ow and where the pr i c e  of mater i al goods 
( i . e. ,  mach i nery ) i s  h i gh,  there i s  l i ttle econom i c  i ncent i ve for 
mechani s at i on of f i eld operati ons ( Hayam i and Ruttan, 1 971 , p . 47) . 
I n  th i s  context, the observat i on of B i nswanger ( 1 978, p.73 ) i s  
notable when he s ays that tractors are not respons i b le for the 
s ub stant i al i ncreas e in crop p i ng i ntens i ty, y i eld, t imel i nes s 
and gross returns on farms i n  I nd i a, Pak i s tan and N epa l . Benefi t  
cost stud i es also show that the u se  of tractors do not yi el d  
much benefi t. 
L and-Sav i ng I nnovat i o ns 
Th i s  type  of i nnovat ion  i s  exemp l i f i ed by b i o l og i cal and 
chemi cal technology such  as modern crop var i et i es and chemi ca l  
fertil i sers .  I rr i gati on, though neither b i olog i cal nor chem i cal 
i n  nature, also i s  a land-s avi ng i nnovati on. Thes e  forms of 
technology i n  agr i cu lture are more fundamental than mechani s at i on.  
Adv ances i n  b i olog i cal and chemi cal technology typ i cally pose 
